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(54) Data synchronization In a CDMA communication system 

(57) A spread spectrum communication apparatus 
receives a preamble signal or a postamble signal as a 
pilot signal, and applies a correlative demodulation by 
using a single spread signal to the pilot signal, and a cor- 
relative output obtained after the correlative demodula- 
tion is compared to a reference value. If the correlative 
output is equal or greater than the reference value, then 
it Is recognized as a preamble or postamble signal. In 
accordance with a trailing edge of the preamble signal 
or a leading edge of the postamble signal, a start point 
or an end point of information transmission can be rec- 
ognized, respectively, in a lower level of a communication 
system without using a unique word in a data stream, 
thereby reducing overhead of upper level protocol and 
improving data transmission efficiency. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a spread spectrum 
communication apparatus. 

In spread spectrum communication, a code division 
multiple communication method in which a plurality of 
communication paths are secured In a single band by 
using a low correlative feature of spread code so as to 
increase information transmission speed is available. 
There is a patent application on a synchronous code divi- 
sion multiple communication apparatus using phase shift 
modulation (U.S. Patent Application Serial No. 233.244. 
filed on August 26, 1994). Generally, in a spread spec- 
trum communication system having a single channel, a 
receiver has an spread code which is identical to the one 
used for spectrum-spreading a transmission signal, and 
by performing correlative operation periodically between 
the spread code and a received signal, information trans- 
mission Is performed while the spread code and the 
received signal are synchronized. 

Further, in the aforesaid code division multiple com- 
munication system, since an information signal is multi- 
plexed by a plurality of spread codes, once the 
information signal Is synchronized with the spread 
codes, because spread codes have low correlation or 
orthogonal relationship between each other at a syn- 
chronization point, it Is possible to demodulate each 
information syni)0l Individually. However, the periodical 
correlative feature between the plurality of spread codes 
does not always has low correlation. Therefore, when a 
periodical correlative operation is performed by using 
one of the spread codes, it is difficult to observe a sharp 
correlative peak in an output from a correlator, because 
con-elative features of channels affects each other. As a 
result, it is also difficult to always synchronize a received 
signal with the spread code and maintain the synchro- 
nous state during transmitting information. Accordingly, 
in the code division multiple communication system, in 
order that the receiver is able to synchronize a signal to 
be received with a spread code, the transmitter transmits 
a pilot signal, spectrum-spreaded by using a single 
spread code, as a preamble for a predetermined period 
before transmitting the information signal. After the 
receiver synchronizes the pilot signal with the spread 
code, the receiver synchronizes a received signal with 
the code and maintains Its synchronous state during 
information transmission period by holding a clock, for 
example. 

Fig. 1 1 is a block diagram illustrating a configuration 
of a demodulator of the aforesaid conventional code divi- 
sion multiple communication apparatus. In this example, 
it is assumed that a modulating method is a phase shift 
keying and a demodulating method is a coherent detec- 
tion. In Fig. 11, a received signal 201 which is converted 
into an intermediate frequency signal is multiplied by a 
carrier wave 202 which is recovered by a carrier wave 
recovery circuit 101 at mixer 102. Then, the multiplied 



signal passes through a low pass filter (LPF) 103 and 
becomes a baseband signal 203. Further, the baseband 
signal 203 is converted into digital multiplexed signals by 
an AD converter 104. A demodulator of a receiver has 

5 digital correlators 1 06 as many as the number of the mul- 
tiplexed signals, and the multiplexed digital signals are 
correlative-demodulated by using a plurality of spread 
codes 205 generated by a code generator 1 05 in accord- 
ance with a recovery clock 204 recovered by a code syn- 

70 chronization circuit 108, thereby obtaining multiplexed 
information data of each channel. At tiiis time, if the 
received multiplexed data to be applied with a correlative 
operation is represented with 8-bit binary notation with 
plus or minus sign and a two-phase shift keying is 

15 applied, an output from the correlator is between -128 to 
+127, and the sign bit of the output can be considered 
as demodulated data. Low speed parallel data 206 which 
is thus demodulated is ultimately changed to a stream of 
high speed serial data 207 by a parallel-serial converter 

20 107. 

In order to recognize a changing point from a pre- 
amble period to reception of an information signal in a 
data stream in a packet mode data ti*ansmission, it is nec- 
essary to perform a method which relays upon a high 

25 level protocol in which a unique word having a predeter- 
mined bit pattern is inserted in the data stream so that 
an appearance of the unique word indicates the start tim- 
ing point of the information signal to a receiver, for exam- 
ple. Further, conventionally, for recognizing when 

30 reception of the information signal is completed, or when 
the information signal of the data stream is ire/alidated, 
the packet length is mentioned in the header of the 
packet, or a unique word having a specific pattern is 
inserted as a delimiter at the end of the data stream. 

35 thereby notifying the completion of the transmission of 
the information signal. 

However, a method of recognizing a data start point 
or a data end point in a high level of a communication 
system by inserting a unique word in a data stream, as 

40 described above, decreases data transmission effi- 
ciency. Especially, the decrease in transmission effi- 
ciency is remarkable when data is transmitted in a 
packet. 

45 SUMMARY OF THE INVENTION 

The present invention has been made in considera- 
tion of tiie above situation, and has as its object to pro- 
vide a spread spectrum communication apparatus of 

so high data transmission efficiency by recognizing a start 
point and/or an end point of information signal transmis- 
sion in a low level of a communication system without 
inserting a unique word into a data stream, and by reduc- 
ing overhead of higher level protocol. 

55 Another object of the present invention is to obtain 
the same or similar effect as above, even if transmission 
performance of a communication path is poor. 

According to tiie present invention, the foregoing 
object is attained by providing a spread spectrum com- 



EP 0 715 422 A2 



munication apparatus comprising: 

correlative demodulation means for performing 
corelative demodulation on a received pilot signal by 
using a single spread code; 

comparing means for comparing a correlative out- 
put from the correlative demodulation means to a refer- 
ence value; and 

recognition means for recognizing either a start 
point or an end point of information transmission on the 
basis of a comparison result by said comparing means. 

Other features and advantages of the present inven- 
tion will be apparent from the following description taken 
in conjunction with the accompanying drawings, in which 
like reference characters designate the same or similar 
parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo- 
rated in and constitute a part of the specification, illus- 
trate enribodiments of the invention and. together with the 
description, serve to explain the principles of the inven- 
tion. 

Fig. 1 is a block diagram illustrating a configuration 
of a receiver according to a first embodiment; 
Fig. 2 is a timing chart according to the first embod- 
iment; 

Fig. 3 is a timing chart according to a modified 
embodiment of the first embodiment; 
Fig. 4 is a block diagram illustrating a configuration 
of a receiver according to another embodiment; 
Fig. 5 is a timing chart according to another embod- 
iment; 

Rg. 6 is a timing chart according to a modified 

embodiment of another embodiment; 

Fig. 7 is a block diagram illustrating a configuration 

of a receiver according to a second embodiment; 

Fig. 8 is a timing chart according to the second 

embodiment; 

Fig. 9 is a block diagram illustrating a configuration 
of a receiver according to a third embodiment; 
Fig. 10 is a timing chart according to the third 
embodiment; 

Fig. 1 1 is a block diagram llustrating a configuration 
of a receiver of a conventional code division multiple 
communication system; 

Fig. 12 a block diagram illustrating a configuration of 
a transmitter according to embodiments; 
Fig. 1 3 is a diagram showing a configuration of a 
receiver according to a fourth embodiment; 
Fig. 14 is a diagram showing an example of a con- 
figuration of comparator according to embodiments; 
Fig. 15 is a table used to determine reception of 
transmission according to embodiments; and 
Fig. 1 6 is a block diagram according to a fifth embod- 
iment. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will 
5 be described in detail in accordance with the accompa- 
nying drawings. 

(First Embodiment) * 

10 Rg. 1 is a block diagram illustrating a configuration 
of a receiver according to a first embodiment of the 
present invention. The same units and elements as 
those in Fig. 1 1 are referred by the same reference 
numerals and explanations of those are omitted. In Fig. 

15 1. a code generator 109 outputs the spread code 205 
used for correlative demodulation of each information 
channel as well as a pilot code 301 . A correlator 302 for 
a pilot signal (referred as pilot signal correlator, herein- 
after) performs correlative demodulation on a received 

20 signal with respect to the pilot signal 30 1 . Note that, when 
the data processing unit 10 processes the received data 
in a parallel form, the parallel-serial converter 107 is not 
necessary. 

If it is assumed that noise is small enough to be 

25 ignored, then, when there is no received signal, an output 
303 from the correlator 302 is 0. Then, if a transhiitter 
transmits a pilot signal as a preamble signal, after an 
input signal is synchronized with a spread code and car- 
rier wave is recovered, a received signal power which is 

30 obtained by performing correlative demodulation on a 
pilot signal as a preamble signal appears as an output 
303 from a correlator 302 of a receiver. The timing 
between a received signal and the output 303 from the 
correlator 302 is as shown in a timing chart in Fig. 2. 

35 Further, when the preamble period has elapsed and 
information starts transmitted, the pilot signal transmis- 
sion is terminated. Therefore, an effect of the spread 
code, included in the received signal, of other information 
channel on a pilot code appears as the output 303 from 

40 tiie correlator 302, however, the correlation value in the 
code division multiple comnrrunication system is smaller 
tiian the value of a signal which appears during the pre- 
amble period, as shown in Fig. 2. 

With a comparator 304 for comparing the correlation 

45 value to a reference value which is shown in Fig. 2, an 
output 305 from the comparator 304 becomes high level 
only during the preamble period as shown in Fig. 2. Thus, 
a data processing unit 10 recognizes the trailing edge as 
a changing point from the preamble period to an infor- 

50 mation transmission period, and processes the subse- 
quent serial data stream 207. The comparator 304 will 
be described later in detail. 

Just after the information has been transmitted, the 
transmitter transmits a pilot signal as a postamble signal 

55 as shown in Fig. 3, then the output 303 from the corre- 
lator 302 of the receiver which received the pilot signal 
becomes large value as in the preamble period, and the 
output 305 from the comparator 304 becomes high level. 
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Accordingly, it is possible to recognize a leading edge as 
the end of the information signal. 

According to the first embodiment as described 
above, in packet mode code division multiple communi- 
cation, since start and end timing of the information sig- 
nal transmission can be judged in a lower level of a 
communication system, an addition of packet header 
and a delimiter in the data stream become unnecessary, 
thereby improving information transmission efficiency. 

In the first embodiment, the pilot signal is used only 
during preamble and postamble periods and is not used 
during multiple information transmission, however, the 
present invention is not limited to this, and the present 
invention can be applied to a case where a pilot code is 
used as a spread code of one of multiple information 
channels, for example. 

Further, during multiplexed information transmis- 
sion, there is a case in which a pilot signal having a lower 
electric power than that of the preamble signal is super- 
posed on multiplexed data which is being transmitted, 
and is continually sent in order to recover a canrier wave. 
In this case, the pilot signal is generally not modulated 
by information data. 

(Another Embodiment) 

Fig. 4 is a block diagram illustrating a configuration 
of a receiver according to another embodiment of the 
present invention. The same units and elements as 
those in Fig. 1 are referred by the same reference numer- 
o als and explanations of those are omitted. In Fig. 4, 
among spread codes, used for correlative demodulation, 
which are generated by the code generator 109, one of 
spread codes 306 is a pilot signal as a preannble or pos- 
tamble signal, and the code 306 is inputted into both the 
correlator 1 06 and a pilot signal correlator 307. Focusing 
on an output 308, corresponding to a received signal by 
a receiver, from the pilot signal correlator 307, a timing 
chart which is shown in Fig. 5 or 6 is obtained. A note- 
worthy point here is that the pilot signal correlator 307 
does not demodulates information symbols of the pilot 
channel, rather measures received signal power of a pilot 
channel by taking an absolute value of the correlation 
value. Therefore, the correlator 307 has functions differ- 
ent from those of the correlator 106 for demodulating 
information symbols. 

In this embodiment, total transmission signal power 
during transmission of a preamble or postamble signal 
is designed to be about equal to total transmission signal 
power during information transmission period. More spe- 
cifically, the pilot signal 306 is included both in the pre- 
amble and postamble signals and also in multiplexed 
information signal, however, the pilot signal in the pre- 
amble and postamble signals has signal power which 
equals to the total transmitted electric power, in contrast, 
since transmitted electric power Is divided into each infor- 
mation channel, the power of the pilot signal during this 
period is smaller than the power of the signal during the 
preamble or postamble period 



Therefore, during a period when receiving a multi- 
plexed information signal including a pilot signal, an out- 
put 308 from the pilot signal correlator 307 has a smaller 
value than a preamble or postamble signal as shown in 

5 Fig. 5 or 6. Thus, by comparing the output 308 from the 
correlator 307 to a predetermined reference level, it is 
possible to recognize a start point of the information sig- 
nal transmission from a trailing edge, and an end point 
of the information signal transmission from a leading 

JO edge. 

Fig. 1 2 shows a configuration of a transmitter. Trans- 
mitted serial data is converted into low speed parallel 
data by a serial parallel converter 507. and spreaded by 
a digital multiplier 506 by using a plurality of spread 

75 codes generated by a code generator 505. then added 
by a digital adder 503. Thereafter, the added data is con- 
verted into an analog signal by a digital analog converter 
504, further modulated into a signal having radio fre- 
quency by a modulator 502. then transmitted from an 

20 antenna. 

A control circuit 510 shifts an output from the adder 
503 by bit before the output is converted into an analog 
signal so that total transmission electric power during the 
preamble period and total transmission electric power 

25 during information transmission become about the 
same. For example, if the output is shifted by three bits, 
then the total electric power becomes 8 times higher. 

When a correlative demodulation is performed by a 
spread spectrum communication system, a correct 

30 demodulated output can not be obtained as an output 
from a correlator until a received signal and a spread 
code are synchronized. It is possible to obtain the 
desired information transmission start signal in a period 
when the output 303 from the correlator 302 is unstable 

35 with a configuration of the receiver shown in Fig. 1 under 
condition in which a correlation value is always smaller 
than a threshold in the comparator. However, if the output 
from the correlator becomes larger than the threshold, a 
compared output must be masked in accordance with a 

40 state signal indicating an input signal is synchronized 
with a spread code so as to control the information trans- 
mission start signal correctly. 

(Second Embodiment) 

45 

Rg. 7 is a block diagram illustrating a configuration 
of a receiver according to a second embodiment. The 
same units and elements as those in Fig. 1 are referred 
by the same reference numerals and explanations of 

50 those are omitted. In Fig. 7, reference numeral 110 
denotes a code synchronization circuit having a function 
for generating a code synchronization signal 401 for indi- 
cating that an input signal and a spread code are syn- 
chronized, when the input signal and the spread code 

55 are synchronized. In a case where a signal having a 
value which is over a reference value in the comparator 
304 appears as the output 303 from a pilot signal corre- 
lator in a period before the input signal and the spread 
code are synchronized, an output 305 from the compa- 
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rator 304 as shown in Fig. 8 appears. If it is assumed that 
an initial value of a holding circuit 402 is low level, since 
the holding circuit 402 which is connected next to the 
comparator 304 latches the code synchronization signal 
of low level, the state of the holding circuit 402 does not 
change, even though the output from the comparator 304 
is unstable. 

Thereafter, when an input signal and a spread code 
are synchronized, a code synchronization signal 
becomes high level, and the output 303 from the corre- 
lator 302 starts performing correct correlative demodu- 
lation of a preamble signal at the same time. Since 
correlation output in the subsequent period is larger than 
a threshold, the output 305 from the comparator 304 
becomes stable in high level. Accordingly, after informa- 
tion transmission starts, then, a trailing edge is formed 
in the output 305 from the comparator 304. By latching 
the code synchronization signal which is high level by 
using the holding circuit 402 at the trailing edge, then a 
start point of information transmission can be recog- 
nized. 

A purpose of the present embodiment is that the 
commuriication system recognizes a start point of infor- 
mation transmission. By resetting the holding circuit 402 
in accordance with a signal 403 from a timer or an exter- 
nal device and making the holding circuit 402 in the initial 
state after the trailing edge appears, the same operation 
is performed on the. next packet. Further, regarding a 
system using a pilot signal as a spread code for the infor- 
mation transmission, another embodiment expressed 
with reference to Fig. 4 can be applied. 

In a code division multiple communication system 
which performs coherent detection, it is necessary that 
a received signal and a spread code are synchronized 
and that a canrier wave are recovered so as to demodu- 
late a information signal. Depending upon a configura- 
tion of a receiver, there is a case that the earner wave is 
recovered after an received signal and a spread code 
are synchronized. In such a case, correct correlative 
demodulation can not be performed unless the carrier 
wave is recovered and a baseband signal is demodu- 
lated. In this case, as in the first embodiment, by masking 
the output from a correlator with a carrier wave recovery 
signal, it is possible to recognize a start point of informa- 
tion transmission correctly. 

(Third Embodiment) 

Fig. 9 is a block diagram illustrating a configuration 
of a receiver according to a third embodiment of the 
present invention. The same units and elements as 
those in Fig. 7 are referred by the same reference numer- 
als and explanations of those are omitted. In Fig. 9, ref- 
erence numeral 501 denotes a carrier wave recovery 
signal generator having a function to generates a carrier 
wave recovery signal 502 when carrier wave is recov- 
ered. 

In the third embodiment, the code synchronization 
signal 401 in the second embodiment is replaced by the 
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carrier wave recovery signal 502. It is apparent that a 
correct start point of an information signal can be recog- 
nized at a timing represented by a timing chart shown in 
Fig. 10. 

5 Further, regarding a system which uses a pilot signal 
as a spread code of information transmission, the exam- 
ple shown in Fig. 4 can be applied. 

Furthernrrare. in the third embodiment, digital correl- 
ative demodulation is performed as an example, how- 

10 ever, the third embodiment can be applied when an 
analog demodulator is used instead of a digital demod- 
ulator. 

According to the third embodiment as described 
above, a changing point from a preamble period to a 

15 information transmission period and an end point of infor- 
mation transmission can be determined at lower level of 
a communication system. Accordingly, it is unnecessary 
to insert a unique word in a data stream, thereby improv- 
ing information transmission efficiency. Especially, this is 

20 extremely effective for a packet mode data transmission, 
in addition, if an output from a pilot signal correlator 
is unstable before a received signal and a spread code 
are synchronized or a carrier wave is recovered, it is pos- 
sible to recognize a con-ect start point of information 

25 transmission, and to obtain the same effect as in the first 
embodiment 

(Fourth Embodiment) 

30 Next, a fourth embodiment of the present invention 
will be described. The fourth embodiment describes a 
case where one of the codes used for demodulation is 
used as a pilot code, and where a function of a correlator 
for demodulation and a function of a pilot signal correla- 

35 tor are realized by a single unit. 

Rg. 13 is a block diagram showing a configuration 
according to the fourth embodiment. 

In Fig. 13. the AD converter 104 is for converting a 
baseband multiplexed signal into digital data, and the 

40 correlators 106 are digital correlators for performing cor- 
relative demodulation of each information channel. Fur- 
ther, a comparator 601 is connected to an output of one 
of correlators 1 06. and compares the output from the cor- 
relator 106 with a reference value. 

45 The fourth embodiment shows an example in which 
a code division multiplexed baseband signal is converted 
into digital data, then the digital data is applied with cor- 
relative demodulation in the digital correlators. When an 
output signal from a correlator is expressed with eight- 

50 bit binary notation with plus or minus sign, then the range 
of the output signal from the correlator is between -128 
arxJ 127. Further, by referring the sign bit of the output 
signal from the correlator, it is possible to demodulate a 
modulated data symbol of a corresponding information 

55 channel. 

Meanwhile, if there is no signal which is spectrum- 
spreaded with a spread code which is assigned to the 
channel in a received signal while waiting for transmitted 
data and receiving a preamble signal, namely if there is 
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not enough electrical power oi a received signal on the 
information channel, then an output from the corre- 
sponding correlator is near 0. 

Accordingly, by providing the comparator 601 for 
comparing an output from a correlator with a predeter- 
mined threshold, it is possible to judge whether or not 
there is modulated data on an information channel or not, 
in other words, whether or not an information signal Is 
received. It should be noted that the comparator Is not 
for judging a received data symbol, but for judging elec- 
trical power of a received signal. 

Fig. 14 is a diagram showing an example of a con- 
figuration of a comparator 60 1 . and Rg. 1 5 Is a table used 
to determine reception of transmission. 

Note, ft is assumed that the receiver is not receiving 
any information signal if an output from the correlator 1 06 
is in a range between -1 6 to 1 5. 

Further, as shown in Fig. 15, if an output from the 
correlator 1 06 is equal or greater than 1 6 or equal or less 
than -17, both outputs from a multi-input OR gate 602 
and a nftulti-input NAND gate 603 become high level. 
Therefore, an output from a two-input AND gate 604, as 
a judgment signal, becomes high level, and it is possible 
to recognize that electric power of a received signal is 
over a predetermined level, thus correct information data 
can be received. 

Whereas, if an output from the correlator 106 is 
equal or greater than -16 and equal or less than 1 5, then 
either an output from the multi-input OR gate 602 or an 
output from the multi-input NAND gate 603 becomes low 
level. Accordingly, an output from the two-input AND gate 
604, as the judgment signal, becomes low level, which 
indicates that electric power of a received signal is lower 
than a predetermined level, thus, it is possible to recog- 
nize that demodulated data is incorrect. 

In accordance with the operation of the comparator 
601 as described above, by detecting a leading edge of 
a control signal Qudgment signal), it is possible to deter- 
mine the start point of information data in a data stream. 

(Fifth Embodiment) 

Fig. 16 is a block diagram according to a fifth embod- 
iment. 

Referring to Rg. 16, an analog digital converter 701 
is for converting a baseband multiplexed signal into dig- 
ital data, and correlators 702 are digital con-elators for 
performing correlative demodulation of each information 
channel. Further, comparators 705are connected to out- 
puts from three correlators 702, and compare each out- 
put from each correlator 702 with a reference value. 
Furthermore, a decision means 706 is connected to the 
outputs of the comparators 705, and determines a com- 
parison result by majority in accordance with the output 
values from the comparators 705. 

Generally in a wireless communication system, an 
output from a correlator has a certain deviation with 
respect to a theoretical value because of deterioration of 
communication path characteristics, noises, or non-line- 



arity of transmission system, and so on. Especially, if 
characteristics of a communication path are poor, there 
is a fear that a correct judgment can not be performed 
by a single comparator 705, differing from the above 

5 embodiments. 

In the fourth embodiment, therefore, a plurality of 
comparators each of which is identical to the comparator 
described in the above embodiment are provided for 
each of the correlators, and each comparator compares 

10 an output from each correlator to a reference value. If the 
transmission path is in ideal state, all the comparators 
705 perform the similar operations as in the above 
embodiment when waiting for a transmitted signal, 
receiving a preamble signal, and receiving an informa- 

15 tion signal, and generates a judgment signal. Therefore, 
even though some of a plurality of judgment signals indi- 
cating reception of information signals are unstable 
because of a state of the transmission path and so on, 
as described above, by deciding an output from the ded- 

20 sion circuit 706 by majority on the basis of all th e outputs 
from all the comparators and by using the output as a 
judgment signal for judging reception of a information 
signal, it is possible to prevent misjudgment by the deci- 
sion circuit 706. Accordingly, as in the aforesaid embod- 

25 iments, a reception of an information signal can be 
recognized correctly. 

It should be noted that a method of obtaining a com- 
parison result from the outputs from a plurality of com- 
parators 705 is not limited to the simple decision by 

30 majority as described above, and can be determined by 
referring a comparison result obtained by comparing an 
output from a correlator with a different reference value, 
for example. 

Further, in the aforesaid embodiment, a digital cor- 
35 relative demodulation is described as an example, how- 
ever, the present invention is not limited to this. For 
example, it is possible to realize the same effect of the 
present invention, when an analog demodulator is used, 
by using a comparator for performing the equivalent 
40 operation to that of the above embodiments. 

It should be noted that when characteristics of trans- 
mission path is not poor, one comparator is enough. Fur- 
ther, if a correlator for synchronization is included in a 
synchronization circuit 108. it is possible to recognize a 
45 prean^Ie signal and a postamble signal on the basis of 
a correlation output from the correlator for synchroniza- 
tion. 

According to the embodiment as described above, 
since it is possible to judge whether a receiving signal is 

so an information signal or not in a code division multiple 
communication method, the SFD {Start Frame Delimiter) 
in a data stream becomes unnecessary, thus improving 
the information transmission efficiency. Especially, this is 
extremely effective for a packet mode data transmission. 

55 Further, according to the fifth embcxJiment. in a case 
where there is a fear that a judgment signal cannot be 
obtained because of poor characteristics of transmission 
path and effects of noises, by referring outputs of a plu- 
rality of correlators, it is possible to prevent misjudgment 
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by a decision circuit, thereby obtaining the same effect 
as described in the embodiments. 

(Other Embodiment) 

The present invention can be applied to a system 
constituted by a plurality of devices or to an apparatus 
comprising a single device. 

Further, the object of the present invention can be 
also achieved by providing a storage medium storing 
program codes for performing the aforesaid processes 
to a system or an apparatus, reading the program codes 
with a computer (e.g.. CPU MPU) of the system or appa- 
ratus from the storage medium, then executing the pro- 
gram. 

In this case, the program codes read from the stor- 
age medium realize the functions according to the 
embodiments, and the storage medium storing the pro- 
gram codes constitutes the invention. 

Further, the storage medium, such as a floppy disk, 
a hard disK an optical disK a magneto-optica! disk, CD- 
ROM, CD-R, a magnetic tape, a non-volatile type mem- 
ory card, and ROM can be used for providing the pro- 
gram codes. 

Furthermore, besides aforesaid functions according 
to the above embodiments are realized by executing the 
program codes which are read by a computer, the 
present invention includes a case where an OS or the 
like working on the computer performs a part or entire 
processes in accordance with designations of the pro- 
gram codes and realizes functions according to the 
above embodiments. 

Furthermore, the present invention also includes a 
case where, after the program codes read from the stor- 
age medium are written in a function extension board 
which is inserted into the computer or in a memory pro- 
vided in a function extension unit which is connected to 
the computer, CPU or the like contained in the function 
extension board or unit performs a part or entire process 
in accordance with designations of the program codes 
and realizes functions of the above embodiments. 

The present invention is not limited to the above 
embodiments and various changes and modifications 
can be made within the spirit and scope of the present 
invention. Therefore to appraise the public of the scope 
of the present invention, the following claims are made. 

Clafms 

1 . A spread spectrum communication apparatus, char- 
acterized by comprising: 

correlative demodulation means (302, 307) 
for performing correlative demodulation on a 
received signal by using a single spread code (301 , 
306); 

' comparing means (304) for comparing a cor- 
relative output (303, 308) from said correlative 
demodulation means to a reference value; and 

recognition means (10) for recognizing either 



a start point or an end point of information transmis- 
sion on the basis of a comparison result (305) by 
said comparing means (304), 

The spread spectrum communication apparatus 
according to claim 1 , further comprising receiving 
means (102-104) for receiving a multiplexed Infor- 
mation signal (201) using a plurality of different 
pseudo-random sequence as spread codes. 
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3. The spread spectrum communication apparatus 
according to claim 2, wherein a preamble signal is 
received as a pilot signal, and a trailing edge of the 
pilot signal is recognized as the start point of trans- 

15 mission of the multiplexed information signal, 

4. The spread spectrum communication apparatus 
according to claim 2, wherein a postamble signal is 
received as a pilot signal, and a leading edge of the 

20 pilot signal is recognized as the end point of trans- 
mission of the multiplexed information signal. 

5. The spread spectrum communication apparatus 
according to claim 1, wherein said single spread 

25 code is a spread code (301) which is identical to a 
spread code of the pilot signal. 

6. The spread spectrum communication apparatus 
according to claim 1, wherein said single spread 

30 code is a spread code (306) of one of a plurality of 
multiplexed information channels. 

7. The spread spectrum communication apparatus 
according to claim 1, further comprising generating 

35 means (1 1 0) for generating a synchronization signal 
when a received signal and a code are synchro- 
nized, and latching means (402) for latching the syn- 
chronization signal (401) in accordance with the 
comparison result (305) by said comparing means 

40 (304). 

8. The spread spectrum communication apparatus 
according to daim 1. further comprising generating 
means (501) for generating a carrier wave recovery 

45 signal when a carrier wave of a received signal is 
recovered, and latching means (402) for latching the 
carrier wave recovery establishment signal (502) in 
accordance with the comparison result (305) by said 
comparing means (304). 

50 

9. The spread spectrum communication apparatus 
according to claim 1 , further comprising a plurality 
of comparing means (601 . 705) and a comparison 
result is decided on the basis of outputs from the plu- 

55 rality of comparing means (601 . 705). 

1 0. A spread spectrum communication method, charac- 
terized by comprising the steps of: 

performing correlative demodulation on a 
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received signal by using a single spread code; 

comparing a correlative output obtained after 
correlative demodulation to a reference value; and 

recognizing a start point or an end point of 
information transmission on the basis of a compari- 5 
son result obtained at said comparing step. 

1 1 . A spread spectrum communication method accord- 
ing to claim 10, further comprising a receiving step 

of receiving a multiplexed information signal using a 10 
plurality of different pseudo-random sequence as 
spread codes. 

1 2. A spread spectrum communication method accord- 
ing to claim 11, wherein a preamble signal is 75 
received as a pilot signal, and a trailing edge of the 
pilot signal is recognized as the start point of trans- 
mission of the multiplexed information signal.- 

1 3. A spread spectrum communication method accord- 20 
ing to claim 11, wherein a postamble signal is 
received as a pilot signal, and a leading edge of the 

• pilot signal is recognized as the end point of trans- 
mission of the multiplexed information signal. 

25 
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